The aim of this observational, cross-sectional study was to analyse lumbar magnetic resonance imaging (MRI) findings in patients with non-specific chronic low back pain (CLBP), and to evaluate any correlation with pain intensity and their capacity to predict neuropathic pain (NP) in these patients.
Introduction
Non-specific low back pain (LBP) is defined as a pain not attributable to a recognisable, known specific pathology (e.g., tumour, osteoporosis, infection, fracture, structural deformity, radicular syndrome, or cauda equina syndrome). [1] LBP is considered chronic when it persists for ≥12 weeks. The prevalence of chronic LBP (CLBP) is about 23%, functional disability due to chronic LBP has increased in recent decades. [1] It appears that LBP may come to rank among the greatest concerns for public health systems. [1, 2] The pain may originate from a range of structures in the spine. Available systematic reviews and studies have demonstrated that a number of lesions identified by MRI, such as disc protrusion, nerve root displacement/compression, disc degeneration, disc high-intensity zone, Modic changes (MC, particularly type I), facet joint osteoarthritis, and spinal stenosis are all associated with LBP. [3] [4] [5] [6] [7] [8] [9] Nonetheless, a systematic review with meta-analysis concluded that, at individual level, none of these lesions provides a strong indication that LBP is attributable to underlying pathology since such MRI abnormalities are also very common when symptoms are absent. [3] Clear understanding of any associations between degenerative changes in particular lumbar spine structures is still lacking. Recent studies have shown that degenerative processes in the disc, the adjacent endplate and the bone marrow are intercorrelated [9] [10] [11] [12] and it has been established that MCs and disc degeneration are significant parameters that affect lumbar facet osteoarthritis. [13] CLBP is considered a mixed pain syndrome, consisting of both nociceptive and neuropathic components. [14] Neuropathic back pain is a term describing pain arising from injury or disease directly affecting the nerve roots that innervate the spine and lower limbs, and from pathological invasive innervation of the damaged lumbar discs. [15] Neuropathic pain (NP) is not restricted to typical radiculopathy. Attal et al have further identified NP in patients with CLBP restricted to the lumbar area. [16] NP must be correctly diagnosed for optimal treatment. [17] Although a recent study has revealed an association between disc space narrowing and NP in LBP [18] , the risk factors for NP in these patients have yet to be made clear.
The aim of this study was to analyse MRI findings from the lumbar spine in patients with non-specific CLBP, to assess any inter-correlation between severity of morphological changes in particular lumbar spine structures (disc, facet joint, intervertebral foramen) and their relation to pain intensity, and to evaluate risk factors for the neuropathic component of the pain.
Materials and methods

Study design
The study was cross-sectional and observational; no existing pain management was delayed or altered by participation in it. It was reviewed and approved by the local medical research Ethics Committee of the University Hospital Brno and all participants gave written informed consent. Most of the patients were referred by collaborating out-patient neurologists over a period of 2 years. Patients were eligible for inclusion if they presented with nonspecific CLBP (pain restricted to the lumbar area or pain radiating above the knee lasting for at least 12 weeks). Exclusion criteria were: age < 18 years, presence of lumbosacral radicular pain or neurogenic claudication in the medical history, clinical neurological examination and/or NCS/EMG (nerve conduction studies/ needle electromyography) showing signs of lumbosacral radiculopathy or polyneuropathy, previous surgery of the lumbar spine, vertebral fracture, developmental deformities of the spine, spine infection or tumour, mental disorders or impairment of cognitive function, presence of risk factors in the medical history and/or laboratory abnormalities indicating a disease, condition or treatment that might be a potential cause of polyneuropathy, severe comorbid conditions (e.g., malignancy), diffuse widespread pain (e.g., fibromyalgia), and other chronic pain.
Pain assessment
Baseline demographic characteristics were recorded and body mass index was calculated. All patients underwent a comprehensive clinical neurological examination, including extensive evaluation of the lower limbs to exclude radiculopathy or polyneuropathy.
Assessment of pain included its descriptors, distribution, duration, intensity, time-course, pain-relieving position, and current intake of analgesics or any other drugs known to moderate pain. The intensity of pain was quantified by means of an 11-step numerical rating scale (NRS: 0-10). Current pain intensity at rest and in movement, together with mean and maximum pain intensity in the previous 4 weeks, were noted. The presence of NP was assessed by means of the DN4-interview (Douleur Neuropathique en 4 Questions), which has been suggested as a suitable questionnaire for screening for NP in mixed pain conditions, including LBP patients. [19] [20] [21] [22] The score of DN4-interview ≥3 means that neuropathic pain is likely (the maximum score is 7). [19] For a detailed description of the intensity of particular NP symptoms, a validated Czech version of the Neuropathic Pain Symptom Inventory (NPSIcz) was employed. [23, 24] Nerve conduction studies/needle electromyography of the lower limbs was performed to exclude incidental polyneuropathy or radiculopathy. Basic blood tests were screened to exclude potential causes of polyneuropathy (vitamin B12 and folate levels, thyroid hormones, serum protein electrophoresis, blood count, serum creatinine, bilirubin and transaminases, blood glucose and glycated haemoglobin (HbA1C), and serum lipid spectrum).
MRI of the lumbar spine
All MRI scans were obtained on a 1.5T scanner (Philips Achieva, Netherlands, or Siemens Magnetom Essenza, Munich, Germany) at a slice thickness 3 mm for all imaging sequences in both scanners. Grading was performed on sagittal T1-weighted, sagittal T2-weighted turbo spin echo (TSE) sequences and axial T2-weighted TSE sequences. Each participant was supine during the examination for approximately 30 minutes. All MRI images were assessed by a trained radiologist blinded to the patients' clinical data.
A range of grading systems was used to assess degenerative features of the lumbar spine and evaluate degeneration of intervertebral discs, adjacent endplates, vertebral bodies, facet joints and foramina. Five lumbar spinal levels (from L1/2 to L5/ S1) were investigated in all patients.
Lumbar disc degeneration (DD) was classified on T2-weighted MRI according to the 5-grade Pfirrmann classification, in which grade 1 corresponds to no disc degeneration and 5 represents the most severe disc degeneration. [25] Disc degeneration summary score L1-S1 (DD sum score) was calculated by summation of individual Phirrmann scores at each lumbar level.
Vertebral endplate (EP) changes were evaluated on T1-weighted images and classified (as EP score) into 6 types in terms of the severity of the damage, with type 1 corresponding to a normal EP and type 6 representing extensive EP damage, taking into consideration EP breaks, defects or sclerosis, alteration in shape, presence of Schmorl nodes and associated MCs. [11] A total endplate score (TEP score) was derived for each disc by adding up the EP scores of rostral and caudal endplates. Endplate summary score L1-S1 (EP sum score) was calculated by summation of individual TEP scores at each level.
Disc displacement was coded at each lumbar disc level as absent, bulging, protrusion or extrusion/sequestration, following widely-accepted lumbar disc nomenclature recommendations. [26] MCs were evaluated as previously defined in the literature. [27] In this study, MCs were coded as absent or present at each lumbar disc level.
Facet degeneration score (FD score) was graded for both sides from L1/2 to L5/S1 spinal levels after the classification by Weishaupt et al. [28] This grading system classifies facet degeneration progressively from 0 to 3 according to the degree of facet joint space narrowing and the presence of hypertrophy of the articular process, osteophytes, subarticular bone erosions and/or subchondral cysts. Total facet degeneration score (TFD score) was 98: 17 Medicine calculated by summing the FD scores of both left and right sides at each lumbar spinal level. Facet degeneration summary score L1-S1 (FD sum score) was calculated by summation of individual TFD scores at each lumbar level (L1/2-L5/S1).
Foraminal stenosis was rated separately on each side (left, right), following Lurie et al. [29] This classification is based on compromise of the foraminal zone (0 -no stenosis, 1 -mild stenosis, that is, compromise of <1/3 of its normal size, 2 -moderate stenosis, that is, compromise of 1/3-2/3 of its normal size, 3 -severe stenosis, that is, compromise of >2/3 of its normal size). A total foraminal stenosis score (TFS score) at each level was established by summing up right and left foraminal stenosis scores (FS score). Foraminal stenosis summary score L1-S1 (FS sum score) was calculated by summation of TFS scores at each lumbar level (L1/2-L5/S1).
Degenerative summary score was calculated for all patients by addition of DD sum score, FD sum score and FS sum score; it thus characterises disc degeneration, facet degeneration and foraminal stenosis for the whole lumbar spine.
The presence and severity of central lumbar spinal stenosis was assessed by Schizas qualitative morphological classification. [30] This scale evaluates the morphology of the dural sac on MRI and the grading is based on the cerebrospinal fluid/rootlet ratio as seen on axial T2-weighted images at the level of the intervertebral disc. Grade A refers to absence of, or mild, stenosis, grade B moderate stenosis, grade C severe stenosis, and grade D extreme stenosis. For the purposes of this study, LSS was graded as absent (grade A) or present (B, C or D).
To assess intra-observer reliability, a random subsample of 5 MRIs was selected and re-read by the same radiologist at least 2 weeks after the initial reading. Later, the same sample of 5 selected MRI scans was independently assessed by another experienced, data-blinded radiologist for inter-observer reliability.
Statistical analyses
Standard descriptive statistics were applied in the analysis. Continuous variables were described by mean and standard deviation (SD), categorical variables were characterised by absolute and relative frequencies. The statistical significance of the score differences among lumbar levels was analysed by means of the Friedman test, with post-hoc analysis of it by Wilcoxon signed-rank test. Correlations among scores and between particular scores and pain intensities were computed by Spearman correlation coefficient. The statistical significance of differences between the groups of patients with neuropathic and non-neuropathic pain was established by the Mann-Whitney test for continuous variables and Fisher exact test for categorical variables. To determine the statistical significance of predictors for NP with their odds ratios, univariate and multivariate logistic regression were computed. Intra-observer and inter-observer reliabilities were evaluated using mean and SD, Wilcoxon signedrank test, Spearman correlation coefficient and Bland-Altman plots. The analysis was processed by an SPSS 25.0 (IBM Corporation, 2017).
Results
Patient characteristics
Fifty-two patients with non-specific CLBP were included in the study. Figure 1 summarises subject recruitment. The basic characteristics of these patients are presented in Table 1 age was 40.8 (SD 9.9) years and the proportions of male and female were the same (50.0%).
Pain characteristics
The mean duration of chronic pain was 66.1 (range 3-360) months and the mean pain intensity in the previous 4 weeks was 4.6 (SD 1.8) (NRS: 0-10) ( Table 1 ). Only 32.7% of patients were taking analgesic medication. The most frequent type of pain treatment consisted of monotherapy with non-steroidal antiinflammatory drugs (NSAIDs), used by 82.4% of patients with analgesic medication. None of the patients was using specific neuropathic pain treatment. The mean score at the DN4-interview was 2.7 (SD 1.5).
MRI characteristics
The MRI findings appear in Tables 2 and 3 and Figure 2 . MCs were found in 17 patients (32.7%), predominantly at levels L4/5 and L5/ S1. Findings of disc displacement were made most frequently at L4/ 5 level and L5/S1 levels, less frequently at L3/4 level and rarely at L1/2 or L2/3 levels. There were statistically significant differences in values of DD score, TFD and TFS score at particular levels of the lumbar spine (Tables 2 and 3 ). The L1/2 and L2/3 levels were least affected by degenerative changes and did not differ significantly in scores. In general, the most pronounced degenerative changes were at L4/5 and L5/S1 (slightly more at L4/5 for foraminal stenosis). The values of TEP score increased from proximal to more distal lumbar segments but the differences between particular levels did not reach statistical significance. The most pronounced changes of the endplates (EP score 6) were disclosed at L4/5 and L5/S1 only (Fig. 2) . A significant positive correlation (low to moderate) emerged between some scores characterizing the severity of degenerative changes in lumbar spinal structures (correlation coefficient ranging between 0.33 and 0.57). The highest correlations occurred between the severity of disc degeneration and facet degeneration (P < .001) and between the severity of facet degeneration and foraminal stenosis (P < .001) ( Table 4) .
The results for intra-observer and inter-observer reliabilities (DD score, EP score, FD score and FS score) appear in Supplemental Digital Contents 1-10, http://links.lww.com/ MD/C939 (Supplemental Tables 1, 2 and Supplemental  Figures 1-8 , http://links.lww.com/MD/C939). In summary, the Table 1 Characteristics of patients with chronic non-specific low back pain. 3.0 (± 1.0) DD sum score L1-S1
13.6 (± 2.9) -TEP score L1/2 2.9 (± 1.9) .504 L2/3 3.1 (± 1.9) L3/4 2.9 (± 1.6) L4/5 3.9 (± 3.3) L5/S1
4.3 (± 3.6) EP sum score L1-S1
17. DD score = disc degeneration score, DD sum score = disc degeneration summary score, EP sum score = endplate summary score, FD sum score = facet degeneration summary score, FS sum score = foraminal stenosis summary score, TEP score = total endplate score, TFD score = total facet degeneration score, TFS score = total foraminal stenosis score. * N (%) or mean (±SD).
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intra-individual and inter-individual agreement in particular scores was high (correlation coefficients for intra-observer reliability ranged between 0.79 and 0.96, for inter-observer reliability between 0.67 and 0.77, and the differences between the 2 checking measurements were low and clinically insignificant).
Correlation between severity of degenerative changes and pain
No correlation between the pain intensity (mean pain in the previous 4 weeks) and severity of degenerative changes (Table 5) was found.
Predictors of neuropathic pain
The patients were divided into 2 subgroups based on the results of the DN4-interview (the score of DN4-interview ≥3 means neuropathic pain). The subgroup with NP included 24 patients (46.2%) and the subgroup with non-NP 28 patients (53.8%). Differences between demographics, pain and radiological (MRI) parameters were evaluated (Table 6 ). No statistically significant difference in any of the potential MRI predictors emerged. Not surprisingly, the 2 subgroups of patients differed in statistically significant fashion in their results for DN4-interview and NPSI cz , the questionnaires that evaluate NP. Patients with NP showed significantly higher intensity of mean pain in the previous 4 weeks on NRS (5.7 vs 3.6, P < .001) and a higher proportion of females (79.2% vs 25.0%, P < .001). The odds ratios (OR) for these potential predictors of NP were also calculated ( Table 7) . Univariate analysis led to statistically significant OR for female sex (OR = 11.4) and intensity of mean pain the previous 4 weeks (OR = 2.3). ROC (receiver operating characteristic) analysis of intensity of mean pain in the previous 4 weeks disclosed this parameter as an effective discriminating factor between the 2 subgroups of patients, at a sensitivity of 87.5% and specificity 64.3%, using an optimal cut-off point of 4.5 (Fig. 3) . Multivariate logistic regression confirmed female sex (OR = 11.9) and 
Discussion
This study focused on the analysis of the MRI findings in patients with non-specific CLBP and assessment of their relations to pain intensity and the presence of a neuropathic component of pain.
The findings suggest that degenerative changes in the lumbar spine are frequent and that the L4/5 segment is the most affected level. The severity of degenerative changes in particular structures of the vertebral segments inter-correlates and thus seems to constitute a complex degenerative impairment of vertebral segments rather than degeneration confined to particular structures. The extent of degenerative changes is not directly related to the intensity of pain in general and is not a predictor of its neuropathic component. The only independent predictors of NP in patients with non-specific CLBP are female sex and pain intensity. The study indicated a general trend to more frequent and more pronounced degenerative changes in the lower lumbar spinal segments (especially at L4/L5 and L5/S1 levels) with a slight predominance of degeneration at the L4/5 level compared with L5/S1. This is in agreement with other studies, in which the most commonly affected levels have been determined at the L4/5 and L5/S1 segments. [6, 11] Comparison of MRI abnormality prevalence between studies is difficult, since the results are affected by particular definitions of changes and the age structures of study groups (the severity of degenerative changes increases with advancing age). In the present study, the prevalence of MC was 32.7%, largely located at the 2 lowest lumbar levels. The prevalence of MC varies widely between reported studies. Jensen et al established a median prevalence of Modic changes of 43% in patients with non-specific LBP and/or sciatica, based on a systematic review [31] , which is relatively close to the findings herein. Disc protrusion and/or extrusion/sequestration were found in 46.2% of patients in this study, while the prevalence of these findings reported elsewhere ranged from 15% to 96% of patients with LBP. [3] In the present study, at least moderate central lumbar spinal stenosis did not frequently (11.5%), while the prevalence of central lumbar spinal stenosis in patients with LBP was 29.7% for relative stenosis and 18.9% for absolute stenosis in the Kalichman et al study, but their criteria for spinal stenosis (anteroposterior diameter of the canal using CT scans) were different from those reported here, and the age structure of the study group was different too (older comparing to the sample herein). [4] The present study has demonstrated positive inter-correlation between the severity of degenerative changes of particular lumbar spinal structures, and thus supports the idea that the progress of degenerative changes in vertebral segments is a complex and interlinked process. Previous studies have disclosed a positive correlation between lumbar disc degeneration and vertebral endplate changes, [11, 12] which is in agreement with this study. Similarly, the data presented herein support a relationship between facet joint osteoarthritis and disc degeneration that has also been described in a previous study. [13] Any association between radiological findings and severity of symptoms (e.g., pain) remains unclear and is a matter for debate. This work found no correlation between pain intensity and severity of degenerative changes. According to these results, it is not possible to estimate intensity of pain in patients with nonspecific CLBP on the basis of MRI findings. Berg et al also demonstrated that MRI findings are not related to the intensity of LBP in patients with chronic non-radicular LBP. [32] Similarly, in a previous study performed by the current authors, pain intensity displayed no correlation with MRI parameters in patients with clinically symptomatic lumbar spinal stenosis. [33] Relationships between degree of degenerative changes disclosed by MRI and symptoms will probably be more complex.
Baron et al draw special attention to the fact that CLBP often has an under-recognized neuropathic component, which may be challenging to manage and requires better diagnosis and treatment. [15] A knowledge of predictors can increase capture of NP. In this study, the presence of NP was assessed using the Table 5 Correlation between pain intensity and severity of degenerative changes.
Correlation coefficient * P value DD sum score L1-S1 0.057 .689 FD sum score L1-S1 0.009 .952 FS sum score L1-S1 0.061 .669 Degenerative summary score L1-S1 0.077 .589
DD sum score = disc degeneration summary score, FD sum score = facet degeneration summary score, FS sum score = foraminal stenosis summary score. * Spearman coefficient. Table 6 Comparison of patient characteristics in the 2 subgroups (with neuropathic pain and non-neuropathic pain). 
Non
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Medicine DN4-interview, as has previously been done in other studies. [18, 21] NP was recognized in 46.2% of non-specific CLBP patients in this study. Attal et al reported NP in 8% of patients with pain restricted to the lumbar area and in 29% of patients with CLBP radiating proximally. [16] In an unselected cohort of CLBP patients, 37% were found to have predominantly NP. [34] The probable reason for a higher proportion of patients with NP in this study is that it is not population-based and patients not responding to standard treatment were referred by collaborating out-patient neurologists. In such a cohort, a higher prevalence of NP is thus not unexpected. The statistically significant difference in the results for NPSI between the 2 subgroups of patients supports a correct classification of the NP-related subgroups. A literature search found only one study that has explored the association between radiographic findings (radiographic features of lumbar disc degeneration) and NP. [18] This study found no association between osteophytes and NP but disc space narrowing was significantly associated with the presence of NP; however OR was relatively low (OR = 1.7). [18] It was pointed out that further research is required to confirm this association. Our study demonstrated no radiological predictors of NP; however, female sex and the mean pain intensity in the previous 4 weeks with a cut-off of 4.5 appeared as significant independent predictors of NP. The van der Berg study and the present work, however, differ in many ways, mainly in the imaging methods employed (radiography vs MRI of the lumbar spine, patients with coexisting pain of the hip and/or knee vs patients without other BMI = body mass index, DD sum score = disc degeneration summary score, EP sum score = endplate summary score, FD sum score = facet degeneration summary score, FS sum score = foraminal stenosis summary score. * Data are presented as absolute and relative frequencies. † Odds ratio with 95% confidence interval (in parentheses). www.md-journal.com pain). In agreement with our study, other workers have also noted that NP is more prevalent in women than in men and the intensity of chronic pain with neuropathic characteristics is higher in comparison with chronic pain without neuropathic characteristics. [21, 35] Duration of pain has been shown to be longer in patients with chronic NP than in patients without NP and prevalence increases with age [21, 35] . In our study, however, duration of pain and age did not significantly differ between subgroups (with NP and with non-NP).
The present study has some limitations. The number of patients recruited is relatively low, which could impact especially on the determination of predictors and OR values. However, the results of our study do not contradict the results of larger studies evaluating neuropathic pain predictors. [21, 35] Strict inclusion and exclusion criteria were essential to eliminate factors that might influence the intensity and characteristics of pain. Patients with incidental polyneuropathy or radiculopathy and with severe comorbid conditions were excluded. These strict criteria led to a low age range (21-62 years). A further limitation is the use of analgesic medication by a number of patients, which could have influenced pain intensity. On the other hand, analgesic medication was used by only a third of the patients and NP was not probably affected by medication, since only one patient was taking a weak opioid and none of the patients was using specific neuropathic pain treatments. The advantage of this study is that it reports a comprehensive clinical examination and detailed MRI examination of the lumbar spine.
Conclusions
A general trend towards more frequent and more severe MRI degenerative features in lower, rather than upper, lumbar spinal segments was demonstrated in CLBP patients. A correlation between the severity of degenerative changes of particular structures in vertebral segments was established, suggesting that degenerative changes affect vertebral segment as a complex interaction, rather than being confined to only selected structures. MRI degenerative changes in the lumbar spine did not correlate with the intensity of pain and did not predict NP. The only independent predictors of NP in patients with non-specific CLBP were female sex (OR 11.9) and mean pain intensity in the previous 4 weeks ≥4.5 (OR 13.1). A multicentre study with a higher number of patients is needed to validate these results in a similar population.
